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A variety of experiments over the past 2 years have 
documented the role of the E2F inscription factor as a 
target for the Rb protein as well as other cc »^ cl */^ ,, *£7 
proteins (35). The interaction of Rb with E2F which inhibita 
the transcriptional activating capacity of E2F (7, 17, IV, -o, 
50), coincides with the ability of Rb to function as a growth 
suppressor (38, 39). E2F is also found in association with the 
Rb-related pl07 protein. The interaction of pl07 with E2r 
appcars to allow the formation of a larger, multimeric 
complex involving the cyclin A polypeptide and the cdkZ 
protein kinase (4, 9, 43). This complex forms at the beginning 
of S phase (34), consistent with the kinetics of appearance of 
cyclin A (37). Recent experiments also demonstrate the 
presence of additional E2F-pl07 complexes in Gi, including 
one that contains the cyclin E protein together with the cd*2 
kinase (28). , 

Both in vivo and in vitro assays have demonstrated the 
ability of the adenovirus ELA protein to disrupt these E2F 
complexes, resulting in the release of uncomplexcd, Iran- 
scriptionally active E2F (1, 2, 5. 6, 34). This activity is 
dependent on E1A sequences found within conserved do 
mains 1 and 2 (CR1 and CR2) (40), sequences also known to 
be important for the oncogenic achvity of E1A and the 
binding of El A to cellular proteins such as Rb and pl07 (21 
29 33 46 47 51). These are also sequences that arc shared 
m'the'T-antigen gene and the E7 gene of simian virus 40 
(SV40) and human papillomavirus, respectively (14). Indeed, 
it is also now clear that both T antigen and E7 share the 
ability to disrupt E2F complexes (5). Although E2F is 
utilized by the adenovirus E2 promoter. E2F is not a factor 
used for either SV40 transcription or human papillomavirus 
transcription (27). Rather, the importance of E2F for these 
viruses as well as for adenovirus, would appear to lie m the 
fact that E2F is involved in the activation of a group of 
S-phase genes such as DHFR (3, 32, 44). Very likely, the 
activation of E2F by these viral oncoproteins facilitates the 
entry into S phase, creating a suitable environment for the 
replication of viral DNA. 
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Although the ability of these viral proteins to disrupt the 
E2F complexes is now well documented, the actual mecha- 
nism for this dissociation has not been addressed, r*™™* 
experiments have indicated that while both CR1 and CR2 of 
E1A are required for dissociation of E2F complexes and the 
CR1 domain was sufficient for E1A m block formation of the 
complexes, the CR2 domain was not required for E1A to 
block formation of the complexes (20, 40). This result, 
together with the observation that CR1 and CR2 appear to 
bind independently to the Rb protein (11), suggested the 
possibility of distinct roles for these El A domains in the 
dissociation event. We have now sought to extend these 
studies to elucidate the process whereby E1A mcdiatesthc 
release of E2F from interactions with Rb as well as pl07. 

MATERIALS AND METHODS 

Cells and extract preparation U937 celts were maintained 
in Dulbecco's modified Eagle's medium supplemented with 
10% fetal bovine serum. Nuclear extracts were prepared as 
described previously (10). » . 

Id vitro translation of E1A proteins aJ*J isolaUoo of gtuta- 
tkione 5-traisferax (GST) fusion proteiol- The pGEMl plas- 
mids containing the wild-type ElA^, the ElA^,^ mutant, 
and the E1>W G7 mutant have been described prevjously 
(40). The cDNAs were transcribed and translated in vitro 
with the TINT reticulocyte lysatc transcripuon and transla- 
tion kit from Promega Biotechnology. The construction, 
expression, and purification of GST-E1A fusion proteins 
iPl a pia and ElA.n.*-.). GST Rb fusion pro- 

tcins, and GST-pl07 fusion proteins have been descnbca 
elsewhere (13, 23, 26). The wild-type CST-Rb fusion protein 
contains Rb residues from 373 to 792. A mutant Rb fusjon 
protein, derived from an exon 22 Rb deletion, is missing 
amino acid residues 738 to 775. The wild-type GST pi 07 
fusion protein contains pl07 residues 252 to 816 as described 
in Ewen el al. (13). A mutant pl07 protein contains a 
phenylalanine substitution for cysteine 713. 

Peptide symtfcesit. The following E1A peptides were used 
in this study: HFEPPTLHELYDLDVTA (CR1. residues 37 
to 53). DL1CHEAGFPPSDDEDEEG (CR2, residues 121 to 
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FIG. 1. Schematic depiction of the E1A functional domains and 
mutants uhKzed for dissociation assays. The wild- type 243 ami no- 
acid product of the E1A |2S cDNA is depicted at ihe top. The two 
regions of conserved sequence (CRl and CR2) (25) have been shown 
to be important for hinding lo Rb and pl07 proteins (47) and for 
dissociation of E2F- containing complexes (1, 40). The deletion in 
the ElA^ n!l . <7 mutant, which involves amino acid residues 38 to 67, 
is depicted by a gap. The positions of point mutations in the 
E.lA^ rm92M/96l mutant arc indicated by asterisks, and the name of the 
mutant indicates the nucleotide positions of (he mutations. 



139), HFEPPTLHELYDLDVTAPDLTCHEACFPFSDDE 
DEEG (CK1-CR2, residues 37 to 54 and 121 to 139), HFKP 
PTDHKHTDDDVTAPDLTCHEAGPPPSDDEDEEG (CRl 
mutant CR1-CR2), and HPEPPTLHELYDLDVTAPDKTG 
HKAGFPPSLGKDKKG (CR2 mutant CR1-CR2). 

Antibodies. The Rb monoclonal antibody C36 and the c fos 
monoclonal antibody 2G9C3 were obtained from Oncogene 
Science. The E1A monoclonal antibody M58, the Rb mono- 
clonal antibody XZ91, the cyclin A monoclonal antibody 
BF683, and the c-myc monoclonal antibody 6E10 were 
obtained from PharMingen. The cyclin A antiserum has been 
described previously (36). 

E2F gel skill assay. E2F DNA binding assays contained 2 
y.g of nuclear extract in 10 \x\ of DNA binding reaction 
mixture {20 mM HEPES fA r -2-hydroxyethylpiperazjne W-2- 
ethanesulfonic acid] [pH 7.9), 40 mM KCI, 6 mM MgQ 2 , 
1 mM EGTA [ethylene giycol-bis(0-aminoethyl ether)- 
NJVJV'JV tetraacetic acid), 1 mM dilhiothreitol, 0.1% 
Nonidel P-40, 10% glycerol, 30 pg of bovine scrum albumin, 
500 ng of sonicated salmon sperm DNA) and 0.1 ng of 
32 P-Iabcllcd DNA probe. The DNA probe is an £co>RI- 
J-findlll fragment from the ATF(-) adenovirus E2 promoter 
plasmid (30). The sequences of double -stranded oligonucle- 
otides used as cold competitors in E2F DNA binding assays 
were as follows: E2F WT , TCC GTT TTC GCG CTT AAA 
TTT GAG AAA GGG CGC GAA ACT GGA, and E2F fT>M|f 
TCC GTT GTC GAG CTT AAA TTT GAG AAA GGG CTC 
GAC ACT GGA. In addition, either 0.5 to 1 jil of 1:1 diluted 
reticulocyte lysate or 0.5 p.1 of casein (10 mg/mJ) (Hammer- 
stein grade) was added to each reaction mixture to eliminate 
nonspecific protein-DNA interaction. The reaction mixtures 
were incubated for 20 min at room temperature and resolved 
in a 4% poly aery 1 amide gel in TBE (50 mM Tris-borate, 1 
mM EGTA) for 3 h at 300 V at 4 C C. For some experiments, 
5% glycerol was added to the gel to improve the resolution of 
E2F complexes. 

Competition assay of E2F-Rb or E2F-pl*7 complexes with 
E1A peptides. Partially purified E2F was prepared from 
HeLa cell whole-cell extracts through a fast-performance 
liquid chromatography Mono Q column as described previ- 
ously (19). One microliter of partially purified E2F was 
incubated with the GST Rb fusion protein (100 ng) or the 
GST pl07 fusion protein (100 ng) in the presence of various 
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FIG. 2. The CR1 and CR2 domains of E1A are required for E2F 
complex dissociation. A U937 celt extract (2 u,g) was added to the 
DNA binding reaction mixture with a control reticulocyte lysate 
(lanes 1 to 7) or equal amounts (1 >jJ) of a reticulocyte rysatc 
programmed with the wild type E1A 11S cDNA (\*nc 8), the 
E1A ^» «7 muunt (lane 9), or the E1A^, PM routacl (lane 10). At the 
same time, 1 yd of the following solutions was ac?oed: 20 ng of cold 
E2F wild- type competitor DNA (lane 2), 20 ng of cold E2P mutant 
competitor DNA (]»rie 3), a c-fos monoclonal snlibody (2Cr9C3) 
(lane 4), an Rb monoclonal aobbody (C36) (lane 5), u»e cydin A 
antiserum (lane 6\ and normal rabbit serum (lane 7). The reaction 
mixes were preincubaied for 20 min on ice and then incubated f> 
another 20 min at room temperature. Conditions for DNA bindih^ 
and gel electrophoresis are described in Materials and Methods. The 
positions of the E2F-cyrIin A complex, the E2F-Rb complex, and 
free E2F arc indicated. The reduced mobility complex resulting 
from the addition of the ElA^*^, mutant protein is indicated by the 
asterisk. 



concentrations (20 ng to 2 ug) of an El A CRl or CR2 peptide 
in the DNA binding reaction mixture containing 0.5 >ig of 
casein per pJ on ice for 20 min. The reaction mixture was 
incubated for an additional 20 min at room temperature and 
resolved in a 4% poryacrylamidc gel containing 5% glycerol. 

RESULTS 

Stable interaction of an E1A CRl mutant with E2F com. 
plexrs. Previous experiments have demonstrated the impor- 
tance of the CRl and CR2 domains of E1A in the dissocia- 
tion of E2F from complexes containing Rb or pl07-cyclin 
A<dk2 (1, 2, 6, 34, 40). To further address the specific role* 
of these sequences, we have made use of E1A mutants that 
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FIG. 3. Mutation of the CR1 domain allows El A to form a stable 
interaction with the E2F complexes. (A) The U937 extract 
preixicubared in a DNA binding reaction mixture with equal imounis 
(500 ng) of the GST-EIAj^v^j*! pruicin (lane* 2 to 4) oi the 
GST-EIA,/*^ protein (lanes 5 to 7). Incubation was for 20 min on 
i<re and then continued with equal amounts (500 ng) of a toniroJ 
c rryc monoclonal antibody (nE10) (lanes 3 and 6) or an El A 
monoclonal antibody (M58) (lane* < and 7) for another 20 mm at 



alter the function of :hcsc domains. The ElA,,^ A7 mu- 
lant deletes essential sequences from CRl t whereas the 
El A. 

^«72s^t>i mutant contains a double point mutation within 
CR2 (Fig. 1). In some experiments, we have made use of a 
mutant with a singJc point mutation in CR2, ElA^^, which 
exhibits a phenorype identical to that ol the double point 
mutant. The effect of these mutations on the ability of E1A 
to disrupt E2F complexes is shown in Fig. 2. Extracts of the 
human cell line U937 contain both the E2F-Rb complex and 
the E2F- pi 07 -cyclin A-cdki complex (here-after referred to 
as the E2F-cyclin A complex) as demonsliatcd by the 
recognition of Rb and cyclin A with specific antibodies (lanes 
5 ard 6). Whereas the wild-type E1A protein was able to 
disiupt each complex, resulting in the release of free E2F 
(lane 8), addition of either the ElA rf0 ^ 67 mutant (lane 9) or 
the ElA^^g mutant (lane 10) failed to dissociate the E2F 
complexes. 

Although neither E1A mutant was able to dissociate the 
E2F complexes, it was evident that the CR1 mutant did have 
an effect on the E2F-DNA complexes. Whereas the addition 
of the ElA^ 92a CR2 mutant did not alter the pattern (Fig. 2, 
lane 10), addition of the El A jn ± tl CR1 mutant resulted in an 
apparent shift of the complexes to a slower mobility. This 
was particularly evident with the E2F-cycIin A complex 
(Fig. 2, lane 9). The effect of the ElA rfne ^ 7 CR1 mutant on 
the F^F-Rb complex is more apparent in the experiment 
whose results are shown in Fig. 3A, utilizing a modification 
of the electrophoresis system that improves separation of the 
complexes. It is clear from this assay thai the addition of a 
GST-EIA^,,^, mutant protein to the U937 cell extract 
resulted in a reduction in the mobility of both the E2F-cyctin 
A complex and the E2F-Rb complex (lane 5). In contrast, 
addition of the £?m928/961 mutant had no effect (lane 2). 
Confirmation of the identity of the ElA-shiftcd complexes as 
containing cyclin A and Rb was provided by the addition of 
monoclonal antibodies specific to these proteins (Fig. 3B). 

These results suggested that the E1A CR1 mutant protein 
was able to interact with each of these complexes and thus 
retard the mobility. To provide direct evidence for such an 
interaction, we have made use of an El A monoclonal 
antibody. As seen in Fig. 3A (lane 7), the addition of the E1A 
artibody further reduced the mobility of each of these 
complexes, thus demonstrating the presence of the mutant 
El A protein in the complexes. From these results, we 
conclude that whereas an E1A piolein that is defective in the 
CR2 domain (/?m928/961) produces no alteration in the 
pattern of E2F complexes, an E1A protein with a defective 
CR1 domain (dl3S-bl) has the capacity to form a stable 
interaction with the E2F Rb complex as well as the E2F- 
p!07 -cyclin A-cdk2 complex. 



room temperature. E2F binding reactions were earned out under the 
same conditions as described for Fig. 2 and resolved in a 4% 
polyacrylamidc gel containing 5% glyceiot. Complexes of reduced 
mobiT.ry reeling from the addition of the El A mutant (•) as well as 
■.he El A ant. body (••) are ind»cated. (B) The U937 extract was 
prciruubaud in a DNA binding reaction mixture with ecjual amounts 
(.ViXJ ng) of the GST-EIA^,,^, protein (lane 1) or the CST- 
C1A,^^ 7 protein (lanes 2 to 5). Incubation was foT 20 nun on ice 
ard then cunimucd with equal amounts (200 ngj of a contrcl c-myc 
moroclonal antibody (6C1D) (tone 3), a cyclin A monoclonal anti- 
body (BF6*3) (iane 4). or a Rb monoclonal anbbody (XZ91) (lane 5) 
foj another 20 min at room temperature. Compicxca of reduced 
mobiliry resulting from the addition of the El A mutant that contain 
the Rb protein (•) or the cyclin A protein (•*) arc indicated. 
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RoJc of ElA CRI and CR2 in E2F complex dissociation. Our 
previous experiments have shown that the E1A CRI domain 
was capable of blocking the formation of an E2F complex, 
whereas both CR1 and CR2 were essential for dissociation of 
the complex (40). The data presented in Fig. 3 demonstrate 
that an El A protein with a defective CRI domain can form a 
stable complex with the E2F-Rb or E2F-cyclin A complexes. 
Since the ElA p/nP2fl/96i CR2 mutant is defective for dissoci- 
ation of cither of the E2F complexes and the CRI domain 
appears to be sufficient to block complex formation (40) it 
would appear that the role of the CR2 domain may bc'to 
bung E1A to the E2F complex to then allow the CR] domain 
to block an interaction. 

We have addressed the respective roles of the CRI and 
CR2 domains by measuring ihe ability of synthetic peptides 
rcpjc^nLing CRI and CR2 sequences to block the interac- 
tions in a variety of assays. First, we have assessed the 
ability of these peptides to block formation of the E2F 
complexes involving either the Rb protein or the p!07 
protein. As shown in Fig. 4, it is possible to reconstitute an 
E2F Rb complex (lane 2) and an E2F-pl07 complex (lane 11) 
with partially purified E2F and GST fusion proteins. Al- 
though the addition of the CR2 peptide had no effect on the 
formation of the complexes, addition of the CRI peptide 
blocked the formation of each complex although there were 
clearly apparent diffciences in the efficiency. For instance, 
whereas the CRI peptide blocked formation of the E2F p!07 
complex at the lowest level tested (20 ng), inhibition of 
JbZF-Rb complex formation required at least a J 00- fold 
higher concentration of peptide. This quantitative difference 
is consistent with other findings indicating a higher affinity of 



the CRI sequence for pl[)7 than for Rb (11). Thus, consistent 
with previous assays with E1A mutants, it appears that the 
CRI region is sufficient to block formation of ihe E2F 
complexes. 

A second assay measured the ability of the CIA peptides 
to interfere with the capacity of wild-type E1A protein to 
disrupt the E2F complexes. If the first step in the ElA- 
mediated dissociation involves the CR2 -mediated interaction 
of ElA with the E2F-Rb or E2F-pl07 complex, the- *>e 
would anticipate thai a CR2 peptide might compete wiu ie 
wild-type ElA protein for these interactions and thus pre- 
vent complex dissociation. As shown in Fig. 5, addition of 
the wild-type ElA protein to a U937 extract resulted in the 
disruption of the two prominent E2F complexes (lane 4) 
Addition of the CRI peptide had no effect on this dissocia- 
tion (lane 5), but addition of the CR2 peptide blocked the 
ability of wild-type ElA to disrupt the complexes (lane 6) 
Thus, consistent with the analysis of ElA mutants, the CR2 
domain is essential for the dissociation event. 

Finally using these ElA peptides, wc have'addressed the 
role of the ElA sequences in allowing formation of the 
mulorncne complexes containing the ElA CRI mutant, E2F 
T ^ c awi <*>ated proteins. As shown in Fig. 6, addition of 
the ElA„p M7 mutant again resulted in the formation of the 
muJiimeric complexes with reduced mobility (Jnne A) 
Whereas the CRI peptide did not inhibit the formation of 
these complexes (lane 5), addition of the CR2 peptide 

.u 1 i4o^ ,fy °J thc CR1 mu,am to interact with 
either the E2F-Rb or the E2F cychn A complex (lane 6). It 
did appear that the addition of the CRI peptide in the 
presence of the E1A„^ 7 mutant, resulted mTome dissoci- 
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FIG. 5. The El A CR2 peptide blocks Ihc El A-mediaied dissoci- 
ation of E2F complexes. The U93? cell extract was preincubatcd in 
DNA binding reaction mature with 300 ng of CR2 mutaied CR1- 
CR2 peptide or CRl-rnutaied CR1-CR2 peptide for 20 min on ice, 
and then equal amounts (1 ^0 «f a control nonpiogTammcd reticu- 
locy te lysate (lanes I to 3) or a reticulocyte rysate programmed with 
the wild -type E1A J13 cDKA (l«n" 4 to 6) were added to the reaction 
mixtures. The incubation was continued for an additional 20 mm at 
room lemperarxjie. E2F binding was assayed by gel retardation as 
described in the legend to Fig. 2. Mobility of the ETF-Rb complex, 
the C2F-cyclin A complex, and free E2F is as indicated. 

alion of the E2F complexes and release of free E2F. Possi- 
bly, the interaction of the El A mutant protein with the E2F 
complex results in a desiabilization such that a high concen- 
tration of ihe CR1 peptide can cause limited dissociation. 
Regardless, the clear conclusion from these assays is that the 
interaction of E1A with the E2F complexes is dependent on 
the El A CK2 domain. 

DISCUSSION 

Previous experiments have documented the ability of the 
adenovirus E1A protein, as well as the SV40 T antigen and 
the human papillomavirus E7 product di "^ ""P Ic iS=* 
containing the E2F transcription factor (1 2, 5, 6 34) . The 
experiments we report here suggest a mechanism by w^htch 
this dissociation might occur, at least for the action of the 
adenovirus E1A protein. Specifically, our assays demon, 
stratc distinct roles for the two functional domains of EiA 
that are rcouncd for the dissociation event. As shown in Fig. 
7 it consider the possibility that the E2 F- Rb corn pi ex (the 
same arguments wVmld also hold for the KF-cychn A 
complex) is in equilibrium with the dissociated components, 
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FIG. 6. The E1A CR2 peptide blocks the formation of E1A 
containing complexes. The U937 cell extract was piemcubated in 
DNA binding itaciioo mixture with V00 ng of CR2 mutated CRl- 
CR2 peptide or CR1 mutated CR1-CR2 peptide for 20 min on ice, 
and then equal amounts (500 ng) of a control GST protein (laoes i to 
3) oi Ihe GST-ElAw^ pTotein (lanes 4 to 6) were added to the 
reaction mixtures. The incubation was continued for 20 mm on ice 
and then for an additional 20 min at room temperature. E2F binding 
was assayed by gel retardation as described in the legend to F>g. 3. 
Mobility of the E2F Rb complex, tbe E2F-<yclin A complex, and 
free E2F is *s indicated. 



in this case E2F and Rb. The extent of the equilibrium within 
the cell is not clear, although under most normal circum- 
stances one can detect very little free E2F. This equilibrium 
is also likely influenced by the phosphorylation state of the 
Kb protein since it would appear thai only the undcrpno*- 
phorvlated form of Rb can interact with E2F l 6 - 41 >; 

Our previous experiments have shown that the CR1 do- 
main of E1A is sufficient to block tbe formation of an in 
vitro-reconstituted E2F complex (40) that is now known to 
represent Ihe E2F-pI07-eyclin A-cdk2 complex. Our exper- 
iments have exiended this observation by using the punned 
pl07 protein as well as the Rb protein to reconstitute the 
complexes. In each case, the CR1 sequence, in ihe form of. 
synthetic peptide containing only the CR1 domain, was able 
to inhibit complex formation, although it was clear mat 
inhibition of formation of the E2F-Rb complex was less 
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FIG. 7. A model for the ElA-mediated dissociation of the E2F 
complexes. 



efficient than the inhibition of formation of the E2F pl07 
complex. The experiments we describe here now demon- 
strate that the CR2 domain very likely allows the initial 
interaction of E1A with the E2F complex. As indicated in 
Fig. 7, we suggest that the two domains of El A recognize 
distinct regions of the Rb protein. On the basis of all of these 
data, wc suggest thai the role of E1A CR2 domain is to bring 
the E1A protein to the complex. Then, as dissociation 
occurs in the normal equilibrium conditions, the CR1 domain 
would interact with the Rb sequences* involved in the E2F 
recognition and thus prevent re-form h lion of the complex. 
By so doing, E1A would drive the equilibrium towards the 
free components and thus achieve a dissociation. 

Two recent studies of the human papillomavirus E7 pro- 
tein, directed at the role of E7-specific sequences in the 
interaction with Rb and the E2F Rb complex, reached 
conclusions similar to ours concerning the interaction of the 
E7 protein and E2F with distinct sites on Rb (20, 48). 
However, although an E7 CR2 peptide could block E7- 
mediated dissociation, a distinct functional equivalent of the 
E1A CR1 domain, which could block E2F Rb interaction, 
could not be identified in E7. Rather, this inhibition required 
the full-length or near- full-length E7 protein. AJ though it is 
possible that E1A and E7 differ with respect to the mecha- 
nism outlined in Fig. 7, it is also possible that the E7 
interaction that competes for E2F binding, equivalent to the 
E1A CHI domain, is considerably weaker than that of E1A 
and requires stabilization by the second site of interaction. 

On the basis of the data and the model shown in Fig. 7, wc 
conclude that E1A makes two distinct contacts with the Rb 
protein as well as the pl07 protein. This suggestion is 
consistent with other experiments that have shown indepen- 
dent interactions of E1A CR1 and CR2 sequences with the 
Rb protein (11). Clearly, the sequences recognized by the 
CR2 domain most not be involved in the interaction with the 
E2F transcription factor, on the basis of the formation of a 
trimeric complex. Sequences within the CR2 domain that are 
involved in the Rb interaction include the L-X-C-X E motif 
that is shared in SV40 T antigen and the human papilloma- 
virus E7 protein (14). This sequence is not found in E2FI 



(18, 22, 42) or in the recently isolated DPI, another clone 
encoding E2F-like activity (16). The absence of this motif is 
consistent with the fact that E2F1 and EIA CR2 interact 
with distinct sequences of Rb. 

Interestingly, this L-X-C-X-E motif is also found in sev- 
eral other cellular proteins identified as Rb-binding proteins 
(8), raising the possibility that one or more of these proteins 
could associate with the E2F-Rb complex and function in a 
manner similar to that of EIA. Indeed, the D-type cyclin 
polypeptides, which have recently been shown to interact 
with the cdk4 kinase and mediate the phosphorylation of Rb 
(24), contain this L-X-C-X-E motif (31, 49). Moreover, the 
cyclin D-cdk4 mediated phosphorylation of Rb apparently 
inhibits the ability of Rb to interact with E2F. The fact that 
EIA can interact with the E2F-Rb complex, dependent on 
the CR2 domain that contains the L-X-C-X-E motif, and that 
the D-type cyclins possess this same motif raises the possi- 
bility that a cydrn D-cdk4 complex could associate with the 
E2F-Rb complex in a manner similar to that of the associa- , 
tion of EIA with the E2F-Rb complex. If a site for Rb: 
phosphorylation that blocked the binding of Rb to E2F were 
to reside within the sequences that were recognized by the 
EIA CR1 domain, then this interaction and phosphorylation 
would be functionally analogous to the model as presented in 
Fig. 7. 
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